ABSTRACT
INTRODUCTION
Pertussis is a bacterial respiratory infection caused by Bordetella pertussis that is preventable by vaccination, and which is most severe in infants and young children. Following the introduction of the whole-cell pertussis (wP) vaccine in the 1940s the incidence of pertussis worldwide has fallen significantly, and in the Russian Federation the current rate of vaccination, based on an evaluation of the administration of three doses of a diphtheriatetanus-pertussis (DTP) vaccine in the first year of life, is very high (97%) [1] . However, pertussis infection is not under complete control [2, 3] , for example, due to gaps in vaccination coverage [4] .
In the Russian Federation the wP vaccine is administered as a DTP combination vaccine
[purchased once per year by the Russian Ministry of Health by federal tender from a single producer (Microgen, Moscow, Russia)] in a 3, 4.5, and 6 months primary series and with a booster at 18 months of age [5, 6] . This has proven very effective in controlling pertussis outbreaks [7] , however, since the first vaccination is not until 3 months of age infants can be vulnerable prior to this age to But in some cities and regions, including Saint Petersburg and Moscow, the pertussis incidence rates are two-to threefold above the average national level, both for the general population and for children aged under 14 years [7] . This can be attributed not only to the higher population density in large cities but also to substantially increased diagnostic opportunities. This persisting incidence of 
METHODS
The retrospective analysis was conducted using complications of specific and non-specific nature, duration of the pre-attack period; and severity of hematological abnormalities [17, 18] .
The analysis in this article is based on previously conducted studies, and does not involve any new studies of human subjects performed by any of the authors.
RESULTS
There were a total of 116 cases of pertussis identified following the review of patients' records and included in this study.
Distribution of Pertussis Cases

Distribution by Age and Site
The overall distribution of study subjects by age is presented for each city and overall in Table 1 . Overall, 4.3% of subjects were newborn, 19.8% were 1 month of age, 35.3% were 2 months of age, and 40.5% were 3 months of age.
In all of the cities, newborn infants accounted for the lowest proportion of the total number of patients; there were no such patients in the Krasnodar site. The proportion of infants aged 1-2 months was highest in Moscow and Krasnoyarsk (28.9% and 27.3%, respectively). In each city, most of the subjects were 2-3 months of age: 77.2% in Saint Petersburg, 66.6% in Moscow, 96% in Krasnodar, and 63.6% in Krasnoyarsk.
Of the 116 cases of pertussis in infants within 3 months after birth included in this study, there were 45 cases in Moscow, 35 in Saint Petersburg, 25 in Krasnodar, and 11 in Krasnoyarsk ( Fig. 1 ).
Distribution by Link to Pertussis Infection in a Close Relative
A total of 11 subjects had a close relative with a long history of cough (9 in Moscow and 2 in Saint Petersburg). The mother was identified as the source of the infection in 5/11 cases. In 4/11 cases, the source was identified as other children in the family, and in 2/11 cases the grandfather or father was the source.
Distribution of Pertussis Cases by Severity
In terms of the distribution of pertussis by severity, moderate disease was the most common being diagnosed in 59% of patients. Table 1 The age distribution of the study population in different cities Table 2) .
Distribution of Pertussis Cases by Intensive Care Unit Stay and Complications
The intensive care requirement rates of Saint Petersburg, Moscow, and Krasnodar were similar across cities (11.4% for Saint Petersburg, 13.3% for Moscow, and 12% for Krasnodar; Table 2 ). The occurrence of complicated disease was significantly higher than that of severe pertussis in Saint Petersburg (19 patients vs. 5). In Moscow, Krasnodar, and Krasnoyarsk patients, the incidence of severe pertussis was above the rate of complicated forms (17 vs. 6, 11 vs. 7, 7 vs. 5, respectively).
Distribution of Pertussis Cases by Urban/Rural
Location Overall, 16.8% of the study sample (N = 116)
were from a rural population in whom severe pertussis was registered in 70% of cases, in contrast to those from the cities who had a 30% proportion of severe cases. Rural dwellers accounted for 17.1% of the Saint Petersburg patients, half of them with severe pertussis forms. Only two newborn infants (6.9%) had severe pertussis among the urban population.
All Moscow patients were regarded as urban (including two coming from other localities).
The urban Moscow population had severe pertussis in 39% of all cases divided as follows: 12.5% newborn infants, 50% 1-month-old infants, and 37.5% 2-month-old infants. Individuals aged 3 months presented with mild to moderate pertussis. In Krasnodar, the urban-to-rural ratio was balanced (13 and 12 patients, respectively). Among urban patients, 3 infants had severe pertussis and 10 patients presented moderate pertussis. Among rural inhabitants of Krasnodar, however, severe disease was observed in eight infants (aged 2 and 3 months) and moderate pertussis in just four patients. Predominantly severe forms of the disease were observed in Krasnoyarsk.
Among 11 patients, just 1 was a villager suffering from severe pertussis; among urban inhabitants, 8 were severely and 2 moderately affected. Serological methods were effective primarily when enzyme immunoassay (EIA) was used (Table 4) .
Distribution of Pertussis Cases by Diagnosis Type
DISCUSSION
This retrospective analysis demonstrated that in a range of cities and regions of the Russian Federation cases of pertussis in infants are still registered during the first 3 months of life, despite the decreases in pertussis incidence that have been described for the population as a whole, against a background of vaccination conducted in a considerable proportion of infants and children after 3 months of age. This finding is in accordance with previous data from countries other than the Russian Federation that show that severe pertussis is a particular problem in young, unimmunized infants [19] [20] [21] . The cities selected for this analysis were representative of different climate zones in the Russian Federation (central, north-west, north-east and south) and the absolute number of registered patients varied substantially between different Russian cities, not only because of different population size but also due to varying incidence levels in the different regions.
In Moscow and Krasnoyarsk the proportion of patients under 1 month of age was higher than in the other cities, which could be a factor leading to the higher percentage of severe disease cases in these cities. However, overall the distribution of severity is in agreement with previously described specifics of pertussis found in infants under 1 year of age [9, 22] .
Interestingly, no obvious relationship was observed in any city between the incidence of pertussis in infants aged under 3 months and the presence of other children aged under 18 years in the family (only 11 of the 116 participants had the source identified as a close family member), although the reverse may be true, that is, unvaccinated adolescents and adults may be at increased risk of contracting Specific complications of pertussis are known to characterize both the severe and moderate forms of the infection, and all severe forms are complicated. It would appear that some of the centers underestimated the complications of pertussis and probably overestimated the severity of the underlying disease. However, increased severity of pertussis and related complications are not uncommon in a young, unvaccinated population such as the one in this analysis, and previous studies have suggested that severity of pertussis may be worsened by low maternal antibody transfer [23] , which is likely to be the case in the Russian Federation and is a factor that could be addressed by more wide vaccination of the adolescent and adult population. The incidence of encephalopathy was unusually high, particularly in Krasnoyarsk and Krasnodar; this reflects the higher percentage of infants with severe pertussis in these two sites.
Early diagnosis, particularly in infants within their first 3 months of life, is a pressing problem of health care. The bacteriological method, which was always regarded as a 'gold standard' in laboratory diagnosis, has diagnosis verification rates not exceeding 60%, and in recent years, its efficacy has fallen to 6-12%.
Nevertheless, the main bacteriological findings are obtained in non-immunized infants under 1 year of age [9, 22] .
As this study is descriptive and retrospective, 
